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\) IN-CYUNDER CHARGING-AIR AMOUNT ESTIMATION DEVICE FOR INTERNAL COMBUSTION ENGINE 

OAbstract: 

lOBLEM TO BE SOLVED: To estimate an in-cylinder charging-air 
ount with high accuracy without using charging efficiency. 
iLUTION: In this estimation device, an intake system model for 
culating the in-cylinder charging-air amount Me is derived by applying 
5 law of conservation of mass and the state equation of gas to intake air 
iwing through an intake passage from a throttle valve 15 to an intake port 
an engine 11. An intake system model equation is Me=Mth-V/RT.dP/dt, 
erein Me is the in-cylinder charging-air amount, V is an inner volume of 
J intake passage on the downstream of the throttle valve 15, R is the gas 
nstant, T is an intake temperature, and dP/dt is an intake pressure 
ange amount. A deviation (i.e.. a pseudo differential value) between a 
tection value of an intake pressure sensor 18 and an averaging value of 
5 detection value is used as the intake pressure change amount (dP/ dt) 
eliminate influence of noise (an intake pulsation waveform) superimposed 
the detection value of the intake pressure sensor 1 8. 
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VIMS 

im 1 ] An intake-air-flow detection means to detect the flow rate of the inhalation air which flows an internal 
bustion engine's inhalation-of-air path. The inhalation-of-air system model which simulated the behavior of 
lation air until a MAP detection means to detect the MAP in said inhalation-of-air path, and the inhalation air which 
•ed the throttle valve flow in a cylinder is used. While calculating the air flow rate which flows in said inhalation-ot- 
■vstem model based on the intake air flow detected with said intake-air-flow detection means Based on the variation 
le MAP detected with said MAP detection means, the variation of the air mass in this inhalation-of-air system model 
ilculated It has an operation means to calculate the restoration air content in a cylinder which flows in a cylinder 
1 the air flow rate which flows in this inhalation-of-air system model, and the variation of the air mass in this 
ilation-of-air system model. Said operation means Restoration air content presumption equipment in a cylinder of 
internal combustion engine characterized by the thing of the detection value and detection value of said MAP 
■ction means for which it anneals and deflection with a value is used as variation of this MAP in case the vanation ot 
air mass in said inhalation-of-air system model is calculated based on the variation of said MAP. 
dm 2] Said intake-air-flow detection means is restoration air content presumption equipment in a cylinder ot the 
mal combustion engine according to claim 1 characterized by being a heat type air flow meter, 
dm 31 Said inhalation-of-air system model is restoration air content presumption equipment in a cylinder ot the 
mal combustion engine according to claim 1 or 2 characterized by incorporating the time constant of said intake-air- 
V detection means, and the time constant of said MAP detection means as an adjustment constant which amends the 
erence of the responsibility of said intake-air-flow detection means and said MAP detection means, 
lim 4] The formula of said inhalation-of-air system model is [Equation 1]. 
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jtoration air content presumption equipment in a cylinder of the internal combustion engine according to claim 3 
ich comes out and is characterized by a certain thing. 

anslation done.] 
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TAILED DESCRIPTION 

tailed Description of the Invention] 
31] 

'Id of the Invention] This invention relates to the restoration air content presumption equipment in a cylinder of the 
rnal combustion engine which detects both an intake air flow and a MAP and presumes the restoration air content in 
'linder. 

scription of the Prior Art] Generally, the method of presuming the restoration air content in a cylinder detects an 
Jce air flow with an air flow meter, and is divided roughly into the method (henceforth a "intake-air-flow detection 
hod") which presumes the restoration air content in a cylinder from the detection value, and the method (henceforth 
v4AP detection method") which detects a MAP by the MAP sensor and presumes the restoration air content m a 
nder from the detection value. Although there is an advantage that the presumed precision of the restoration air 
tent in a cylinder at the time of a stationary is good since an intake-air-flow detection method serves as a restoration 
content in an intake-air-flow = cylinder at the time of a stationary, before appearing as change of the output of the air 
V meter with which change of the restoration air content in a cylinder was installed in the upper section of an mlet 
e at the time of excess, time amount will be taken for a while, and there is a fault that the responsibility of a transient 
ad On the other hand, a MAP detection method has the features that the responsibility of a transient is good as 
npared with an intake-air-flow detection method. The time amount which the pressure variation accompanying 
nee of the restoration air content in a cylinder spreads to near a MAP sensor (surge tank) is because it is quite short 
jompared with time amount until change of the restoration air content in a cylinder changes the intake air flow near 
air flow meter of the inlet-pipe upstream section. • , 

03] Then 2 sensor concomitant use methods having the advantage of both the methods of an intake-air-flow 
ection method and a MAP detection method are developed in recent years. This 2 sensor concomitant use method 
tails both an air flow meter and a MAP sensor, and it presumes the restoration air content in a cylinder from the 
ike air flow detected with the air flow meter, and he is trying to calculate the restoration air content in a cylinder by 
degree type to a transient from the MAP detected by the MAP sensor at the time of a stationary. 
■04] Me = eta-Ne-V-P/(2 and R-T) . ^^r-^. -ciA 

e ~ Me : the inside of a cylinder ~ restoration air content etaxharging-efficiency Ne:engine-speed Vrinlet-mamtold 
itent volume P: ~ MAP (detection value of a MAP sensor) 

the temperature of gas constant Trinhalation air ~ a charging efficiency eta is computed in this case on the 2- 
lensional map which makes an engine speed Ne and MAP P a parameter. 

oblem(s) to be Solved by the Invention] However, with the 2 above-mentioned conventional sensor concomitant use 
thods it is the restoration air content Me in a cylinder of a fransient. Since the charging efficiency eta is included in 
formula to compute, it is necessary to compute a charging efficiency eta on the 2-dimensional map which makes an 
nne speed Ne and MAP P a parameter, for this reason, if it is going to compute a charging efficiency eta with a 
ficient precision memory space will be extended, in order for the adaptation man day for 2-dimensional map creation 
increase or to memorize this 2-dimensional map ~ required ~ certain ** Especially with the engine which earned the 
ustable valve timing system in both the inspired air flow path / exhaust side, since a charging efficiency eta changes 
o with inhalation of air / exhaust air valve timing, there is a fault of it being necessary to compute a charging 
iciency eta on the 4-dimensional map which makes a parameter an engine speed Ne, and MAP P, and inhalation of 
/ exhaust air valve timing, and the adaptation man day and memory space for 4-dimensional map creation becoming 
■y huge, and becoming a remarkable cost rise. 
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36] And by the 2 above-mentioned conventional sensor concomitant use methods, in order to switch an intake-air- 
detection method and a MAP detection method by the time of a stationary, and the transient, there is a possibihty 

IM^operat iorTWl W^f th^^ — 

5 of a stationary and a transient, and so, it is necessary to adjust so that the operation value of the restoration air 
tent in a cylinder may not serve as discontinuity. 

07] This invention is made in consideration of such a situation. Therefore, the purpose The restoration air content in 
blinder can be presumed with a sufficient precision, without using a charging efficiency. The presumed precision of 
restoration air content in a cylinder can be improved lessening an adaptation man day and memory space sharply, 
it is in moreover offering the restoration air content presumption equipment in a cylinder of the intemal combustion 
ine which can make the operation value of the restoration air content in a cylinder continue certainly on the 
indary of the time of a stationary, and a transient. 
08] 

sans for Solving the Problem] In order to attain the above-mentioned purpose, the restoration air content presumption 
ipment in a cylinder of the intemal combustion engine of claim 1 of this invention In the thing equipped with an 
ike-air-flow detection means to detect the flow rate of the inhalation air which flows an intemal combustion engine^s 
alation-of-air path, and a MAP detection means to detect a MAP While calculating the air flow rate which flows in 
nhalation-of-air system model based on the intake air flow detected with the intake-air-flow detection means using 
inhalation-of-air system model which simulated the behavior of inhalation air until the inhalation air which passed 
throttle valve flows in a cylinder Based on the variation of the MAP detected with the MAP detection means, the 
iation of the air mass in this inhalation-of-air system model is calculated, and the restoration air content in a cylinder 
ich flows in a cylinder from the air flow rate which flows in this inhalation-of-air system model, and the variation of 
air mass in this inhalation-of-air system model is calculated. This is enabled to presume the restoration air content in 
/linder, without using a charging efficiency, and an adaptation man day and memory space can be lessened sharply. 
09] In this case, although it is possible as variation of this MAP to use the time amount differential value of the 
gction value of a MAP detection means in case the variation of the air mass in an inhalation-of-air system model is 
:ulated based on the variation of a MAP Since the inhalation-of-air pulsating wave used as a noise is overlapped on 
detection value of a MAP detection means, if the time amount differential value of the detection value of a MAP 
ection means is used, the time amount differential value of a noise wave (inhalation-of-air pulsating wave) will be 
d, and the operation precision of the variation of a MAP will get worse. 

lb] So, in claim 1, in case the variation of the air mass in an inhalation-of-air system model is calculated based on 
variation of a MAP, as variation of this MAP, the detection value and detection value of a MAP detection means 
leal, and deflection (that is, false differential value) with a value is used. By this false diflferential, without being 
.uenced [ most ] of a noise component (inhalation-of-air pulsating wave), the variation of a MAP can be calculated 
h a sufficient precision, consequently the restoration air content in a cylinder can be presumed with a sufficient 
cision. And since the restoration air content in a cylinder is calculated using the same inhalation-of-air system model 
the time of a stationary, and the transient, the operation value of the restoration air content in a cylinder can be made 
continue certainly on the boundary of the time of a stationary, and a transient. 

il 1] In this case, it is good like claim 2 to use a heat type air flow meter as an intake-air-flow detection means, since a 
It type air flow meter can obtain the output corresponding to the mass flow rate of inhalation air, the amoxmt of 
ving part is not and they are small (low voltage force loss) and low cost while there is no effect by the consistency 
nperature, pressure) of air compared with a vane type and Karman*s vortex-type air flow meter and amendment by 
consistency of air is unnecessary — etc. ^- it has an advantage. 

H2] However, since a heat type air flow meter is the structure where an output changes according to heat release, 
h as a heat ray cooled with inhalation air. By the time change of an intake air flow causes change of heat release, 
:h as a heat ray, and it appears as output change, response delay will occur. Since the response delay of this heat type 
flow meter is quite larger than the response delay of a MAP detection means, The difference of both response delay 
:omes large and it becomes the cause by which this reduces the operation precision of the restoration air content in a 

inder. . i 

)13] Then, it is good for an inhalation-of-air system model like claim 3 to incorporate the time constant of an intake- 
-flow detection means, and the time constant of a MAP detection means as an adjustment constant which amends the 
ference of the responsibility of an intake-air-flow detection means and a MAP detection means. If it does in this way, 
difference of the responsibility of an intake-air-flow detection means and a MAP detection means can be amended, 
1 the operation of the restoration air content in a cylinder with a sufficient precision which reconciled responsibility 
1 noise rejection will be attained. 
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14] In this case, what is necessary is just to use a degree type as an inhalation-of-air system model like claim 4. 
uation~2] ~= « — = ■ 

1 6] This equation is drawn from the equation of state of the law of conservation of mass and a gas so that it may 
ntion later. Here, the air flow rate Mth which flows in an inhalatioh-of-air system model is a flow rate of the 
alation air which passes a throttle valve, and in order that an intake-air-flow detection means may detect an intake air 
V by the upstream rather than a throttle valve, the air flow rate Mth which flows in an inhalation-of-air system model 
alculated by carrying out phase-lead-lag-network processing of the detection value of an intake-air-flow detection 
ans. An upper type is annealing and processing the detection value P of a MAP detection means with the time 
istant (1 /alpha 2) of an intake-air-flow detection means, and amends the difference of the responsibility of an intake- 
flow detection means and a MAP detection means while it anneals and processes the air flow rate Mth which flows 
in inhalation-of-air system model with the time constant (1 /alpha 1) of a MAP detection means (first-order-lag 
cessing). Restoration air content Me in a cylinder with a sufficient precision which reconciled responsibility and 
se rejection by this, without using a charging efficiency An operation becomes possible. 
17] 

nbodiment of the Invention] Hereafter, 1 operation gestalt which applied this invention to the engine inhalation of 
/ with an exhaust air adjustable valve timing system is explained based on a drawing. 

1 8] First, based on drawing 1 , the oufline configuration of the whole engine control system is explained. An air 
aner 13 is formed in the maximum upstream section of the inlet pipe 12 (inhalation-of-air path) of the engine 11 
ich is an internal combustion engine, and the heat type air flow meter 1 4 (intake-air-flow detection means) which 
ects an inhalation air content is formed in the downstream of this air cleaner 13 at it. The supply current to a heat ray 
controlled so that this heat type air flow meter 14 keeps constant the temperature gradient of the temperature of a heat 
and the intake-air temperature which the heat ray (not shown) and inhalation-of-air temperature sensor (not shown) 
ich are arranged in the flow of inhalation air are built in, and are cooled with inhalation air. According to the heat 
jase of a heat ray which changes according to an intake air flow, the supply current to a heat ray changes by this, and 
voltage signal according to this supply current is outputted as an intake-air-flow signal. The throttle valve 1 5 and the 
3ttle opening sensor 16 which detects throttle opening are formed in the downstream of this heat type air flow meter 

•19] Furthermore, a surge tank 17 is formed in the downstream of a throttle valve 15, and the MAP sensor 1 8 (MAP 
ection means) which detects MAP P to this surge tank 17 is formed in it. Moreover, the inlet manifold 19 which 
roduces air into each gas column of an engine 1 1 is formed in a surge tank 17, and the fiiel injection valve 20 which 
5Cts a fuel, respectively is attached in it near the suction port of the inlet manifold 19 of each gas column. The intake 
ve 25 and the exhaust air bulb 26 of an engine 1 1 are driven with the adjustable valve timing equipments 28 and 29, 
pectively, and inhalation of air / exhaust air valve timing is adjusted according to an engine operation condition, in 
lition, the adjustable valve timing equipments 28 and 29 - a hydrauUc-drive type and electromagnetism — you may 
which method of a drive type. 

)20] On the other hand, in the middle of the exhaust pipe 21 of an engine 1 1 , the catalysts 22, such as a three way 
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iponent catalyst which purifies an exhaust gas, are installed. The air-fuel ratio sensor (or oxygen sensor) 23 which 
3Cts the air-fuel ratio (or oxygen density) of an exhaust gas is formed in the upstream of this catalyst 22. Moreover, 
coolin^wolant temperature=sensGr^4-whieh=deteets-eooU^ 
2cts an engine speed are attached in the cylinder block of an engine 1 1 . 

21] The sensor output of these various kinds is inputted into the engine control circuit (it is written as "ECU" below) 
This ECU30 is performing the restoration air content operation program in a cylinder of dr awin g,! which was 
stituted as a subject and memorized by built-in ROM (storage) in the microcomputer, and plays a role of an 
ration means to calculate the restoration air content in a cylinder by the inhalation-of-air system model type. 
22] This inhalation-of-air system model models the behavior of the inhalation air which flows the inhalation-of-air 
1 (henceforth a "throttle down-stream inhalation-of-air path") from a throttle valve 15 to the inlet of an engine 11, 
is drawn from the equation of state of the law of conservation of mass and a gas as follows. If the law of 
servation of mass is applied to the flow of the inhalation air of a throttle down-stream inhalation-of-air path, the 
ition expressed with the following (1 ) type will be obtained. 
;aMin=Mth-Me.... (1) 

23] Here, deltaMin is the variation (variation of the air mass in an inhalation-of-air system model) of the air mass in 
irottle down-stream inhalation-of-air path, and Mth is a throttle-valve passage air content (air flow rate which flows 
m inhalation-of-air system model), and Me. It is a restoration air content in a cylinder, delta Min, Mth, and Me Each 
value per unit time amount (or sampling period). 

24] Moreover, if a gaseous equation of state is applied to a throttle down-stream inhalation-of-air path, the relation 
ressed with the following (2) equations will be obtained. 
taMin=V/RT-dP/dt .... (2) 

:e, for V, the content volume (content volume of an inhalation-of-air system model) of a throttle down-stream 
al'ation-of-air path and R are [ the temperature (intake-air temperature) of inhalation air and dP/dt of a gas constant 
i T ] the variation of MAP P per unit time amount (or sampling period). 

25] The following (3) types are obtained from the above-mentioned (1) formula and (2) types. 
lT-dP/dt=Mth-Me .... (3) 

jrefore, restoration air content Me in a cylinder It is computed by the following (4) types which arranged and asked 
the above-mentioned (3) formula. 
=Mth-V/RT-dP/dt .... (4) 

26] By the way, as an amount (dP/dt) of inhalation-of-air pressure variation, since the inhalation-of-air pulsating 
ve used as a noise is overlapped on MAP P detected by the MAP sensor 1 8, if the time amount differential value of 
detection value of the MAP sensor 1 8 is used, the time amount differential value of a noise wave (inhalation-of-air 
sating wave) will be used, and the precision of the amount (dP/dt) of inhalation-of-air pressure variation will get 
rse. 

27] So, with this operation gestaU, as an amount (dP/dt) of inhalation-of-air pressure variation, the detection value 
I detection value of the MAP sensor 18 anneal, and deflection (that is, false differential value) with a value is used. 
28] The amount of inhalation-of-air pressure variation (dP/dt) = the false differential of**** enables it to calculate 
amount (dP/dt) of inhalation-of-air pressure variation with a sufficient precision by an inhalation-of-air pressure- 
sor appearance value-detection value annealing, without being influenced [ most ] of a noise component (inhalation- 
air pulsating wave). 

29] Moreover, since the heat type air flow meter 14 is the structure where an output changes according to the heat 
jase of the heat ray cooled with inhalation air, By the time change of an intake air flow causes change of the heat 
5ase of a heat ray and it appears as output change, response delay will occur. Since the response delay of this heat 
e air flow meter 14 is quite larger than the response delay of the MAP sensor 18, The difference of both response 
ay becomes large and this is the restoration air content Me in a cylinder. It becomes the cause of reducing operation 
cision. 

•30] So, the time constant (1 /alpha 2) of the heat type air flow meter 14 and the time constant (1 /alpha 1) of the MAP 
sor 1 8 are included in an inhalation-of-air system model type as an adjustment constant which amends the difference 
:he responsibility of the heat type air flow metCT 14 and the MAP sensor 18. Thereby, the inhalation-of-air system 
del type expressed with a degree type is obtained. 
»31] 

luation 3] 
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32] Here, the throttle- valve passage air content Mth is a flow rate of the inhalation air which passes a throttle valve 
and in order that the heat type air flow meter 1 4 may detect an intake air flow by the upstream rather than a throttle 
ve 1 5, the throttle- valve passage air content Mth is calculated by carrying out phase-lead-lag-network processing of 
detection value of the heat type air flow meter 14. An upper type is annealing and processing the detection value P 
he MAP sensor 18 with the time constant (1 /alpha 2) of the heat type air flow meter 14, and amends the difference of 
responsibility of the heat type air flow meter 14 and the MAP sensor 1 8 while it anneals and processes the throttle- 
ve passage air content Mth with the time constant (1/alpha 1) of the MAP sensor 18 (first-order-lag processing), 
iteration air content Me in a cylinder with a sufficient precision which reconciled responsibility and noise rejection 
this, without using a charging efficiency An operation becomes possible. 

3 3] The restoration air content operation program in a cylinder of drawing. 2 which computes the restoration air 
itent in a cylinder using the inhalation-of-air system model type explained above is repeatedly performed for every 
determined crank angle. Starting of this program first reads the intake-air temperature T detected with the inhalation- 
air temperature sensor in the intake air flow detected with the heat type air flow meter 14, MAP P detected by the 
\P sensor 18, and the heat type air flow meter 14 at step 101. Then, it progresses to step 102, after calculating the 
>ttle-valve passage air content Mth, it progresses to step 1 03 and the throttle-valve passage air content Mth, an 
ike-air temperature T, and MAP P are substituted for carrying out phase-lead-lag-network processing of the detection 
ue (intake air flow) of the heat type air flow meter 14 at said inhalation-of-air system model type, and it is the 
ioration air content Me in a cylinder. It computes. 

34] ECU30 is the restoration air content Me in a cylinder computed by having carried out in this way. According to 
engine speed, the basic injection quantity is computed on a map etc., the multiplication of various kinds of correction 
tors, such as an air-fiiel ratio feedback correction factor and a water temperature correction factor, is carried out to 
; basic injection quantity, and final fuel oil consumption is calculated. 

35] Drawing 3 shows the behavior of the operation value of the restoration air content in a cylinder when the tooth- 
d-angie value of inhalation-of-air valve timing changes (transient). Conventionally, in case a specification calculates 
restoration air content in a cylinder using a charging efficiency eta, in order to compute a charging efficiency eta on 
2-dimensional map which makes an engine speed Ne and MAP P a parameter, change of die charging efficiency eta 
the inhalation-of-air valve timing tooth-lead-angle value change is not taken into consideration at all, but the 
;ration value of the restoration air content in a cylinder of a transient shifts fi-om true value greatiy. Therefore, when it 
joing to raise the operation precision of the restoration air content in a cylinder by the specification conventionally, 
re is a fault of it being necessary to compute a charging efficiency eta on the three-dimension map (4-dimensional 
p) which makes a parameter an engine speed Ne, MAP P, and inhalation-of-air valve timing (exhaust air valve 
ing), and the adaptation man day and memory space for the map creation becoming very huge, and becoming a 
larkable cost rise. 

•36] On the other hand, in this operation gestalt, the restoration air content in a cylinder is calculated by calculating 
restoration air content in a cylinder by the inhalation-of-air system model formula, without using a charging 
iciency eta. and as an amount (dP/dt) of inhalation-of-air pressure variation used as the variable of an inhalation-of- 
system model type The detection value and detection value of the MAP sensor 1 8 anneal, and deflection (that is, 
se differential value) with a value is used. Furthermore, while annealing and processing the throttle-valve passage air 
itent Mth witii the time constant (1 / alpha 1) of the MAP sensor 18 (first-order-lag processing) By annealing and 
»cessing the detection value P of the MAP sensor 1 8 with the time constant (1/alpha 2) of the heat type air flow meter 
the difference of the responsibility of the heat type air flow meter 14 and the MAP sensor 18 is amended. Thereby, 
h this operation gestalt, the gap with the operation value of the restoration air content in a cylinder of a transient and 
e value becomes very small, and the operation of the restoration air content in a cylinder with a sufficient precision 
h which the transient also reconciled responsibility and noise rejection of it is attained. And since a charging 
iciency eta is not used, an adaptation man day and memory space can be lessened sharply, and the demand of low- 
;t-izing can also fully be filled. 

67] In addition, tiie applicability of this invention is not limited to an engine inhalation of air / with an exhaust air 
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stable valve timing system, but can be applied also to the engine which made only the inspired air flow path (or 
mst side) adjustable valve timing, and the engine which does not carry an adjustable valve timing system at all, and 

ir flow meter (intake-air-flow detection means) is not limited to a heat type air flow meter, either, for example, a 
- type and Karman's vortex-type air flow meter may be used. 
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